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INTRODUCTION
The success of a restoration is dependent on the tooth preparation principles

employed. Shillingburg 5 described five basic principles of preparation design" (1)
preservation of structural integrity, (2) retention and resistance form, (3) structural

durability, (4) marginal integrity, and (5) preservation of periodontium. The Glossary of
Prosthodontic Terms 37 describes resistance form as "the feature of a tooth preparation
that enhances the stability of a restoration and resists the dislodgment along an axis other

than the path of placement." Retention is defined as "the feature of a tooth preparation
that resists dislodgment of a crown in a vertical direction or along the path of placement."
The importance of resistance and retention has been described extensively in the
literature. While both are classically regarded as essential for proper tooth preparation,

resistance form has gained more acceptance as a mechanical feature that will play a more

important roll than retention in resisting functional occlusal loads. 6’1’24 Studies have

suggested that occlusal forces are oblique in nature with vertical moments. The resultant
forces applied to crowns are then buccal, lingual, and apical with infrequent forces that

dislodge a restoration along the path of withdrawal. Maxillary anterior restorations are

normally subjected to forces in a lingual to buccal direction.
Resistance and retention form have been described as being "interrelated and often

inseparable." 35 Many authors have evaluated these biomechanical principles and have
determined that a preparation taper of 6 degrees will enhance resistance to

dislodgement. 2’17’34’39 However, several authors have demonstrated that achieving this
value is uncommon. 27’42’46 Factors such as operator skill, tooth morphology, tooth access

and proximal contacts frequently result in convergence angles of 20 to 25 degrees.

Woolsey and Matich 46 studied resistance form as a factor of the convergence angle and
found that a decrease in convergence angle resulted in an increase in resistance form.
Other authors ’17’19’24 have also evaluated the effect of the convergence angle on
retention of crowns. They concluded that as the convergence angle decreases the
retention increases.

Graf 15 determined the value of excursive forces was in the range of to 20 N, while

Van Eljid et al. 47 using a different methodology, determined that the maximal vertical
load on maxillary canines was in the range of 468 N. It is assumed that the occlusal loads
tend to seat a restoration onto the tooth when resistance form is present, thus increasing
the stability of the restoration. Consequently, the tensile forces associated with retention;

causing the restoration to be dislodged along it’s path placement are rarely encountered in

the mouth, l These findings lead to a current recommendation that resistance to lateral
forces and not retention is the optimal mechanical property to achieve when preparing
teeth to receive full coverage restorations. 6’1’24 As suggested by other authors, 124

occlusal forces are generally directed apically and laterally, and have a tendency to tip,
resist or unseat a crown.

Tylman9 suggests the finished preparation of a tooth for full coverage restoration
should be a miniature reproduction of the tooth. As such, in certain teeth, some

exceptions occur. In the case of the maxillary canines a modification to this reduction in
form has been suggested by some authors. 7’34’3539 Two- plane reduction on the lingual-

gingival to incisal surface is recommended to provide an axial lingual wall from the
cingulum’s natural contour. This results in a concave surface mesiodistally and

gingivoincisally from the incisal edge to the most incisal aspect of the cingulum and an
axial wall where the convexity of the cingulum existed. While the advantage of creating
an axial wall on the lingual aspect is reported to contribute to resistance and retention, 7’ 34
35, 39

the resulting preparation is often conservative and lacking space to return natural

contours and to provide adequate material bulk. If the lingual surface of the tooth is under

prepared, an over contoured restoration results. If surface adjustments are made, the
structural integrity of the restorative material may become compromised.

LITERATURE REVIEW

Resistance and Retention

Tylman 39 described the importance of preparing teeth with adequate resistance
and retention form. By schematically representing the arc of rotation to dislodge a crown
under occlusal load, he described that the areas of a preparation that lie within the arc

offered resistance to dislodgement. The relative length, diameter influenced the resistant
areas. Additionally, maintaining the convergence angle of the preparation at 6 degrees
28
improved the retentive characteristics of the preparation. Parker et al. later explained

these concepts through detailed illustrations using geometric principles and the concept
of limiting taper.

Kaufman et al. 9 evaluated the retention of cemented metal dies using controls
such as height, angle of convergence and diameter. The author found that dies with a
constant taper demonstrated an increase in retention as the preparation height and

diameter increased. Parker et al., 29 viewed the nature of resistance form differently than

retention, where a discontinuous relationship was demonstrated. The authors suggest that
resistance is developed at an exact height and taper.
Gilboe and Tetemck 12 proposed fundamentals of tooth preparation that included

parameters for resistance and retention form. These were divided into primary and

secondary factors. The primary factors included parallelism, length and surface. They
described that as the axial walls approach parallelism, the restoration withstands greater

displacement from tensile and shearing stresses. As such, preparation tapers of 2 to 5

degrees would provide optimal resistance and retention form. As the length of the axial

walls of the preparation increase, the resistance and retention form also increase. A direct

relationship between the surface area of the tooth and the retentive-resistance nature of
the retainer was determined.

In a study by Hegdahl and Silness, 16 the areas contributing to resistance form on
conical and pyramidal tooth preparations were compared. Calculations were made based
on oblique forces and varying values of preparation diameter, height and convergence

angle. Resisting areas were found to be greater in the pyramidal design than the conical
one. The authors concluded that when preparing teeth for full crown restorations, axial

walls should not be excessively rounded, as this would reduce the amount of resisting
areas. In addition, teeth with short clinical crowns and large convergence angles would

benefit in resistance form if grooves were added on the axial surfaces.

Weed and Baez4 addressed the importance of resistance and taper in a study

where they evaluated the validity of a diagram based on preparation taper and diameter.
The samples consisted of 50 metal dies at various convergence angles, along with their

respective cast copings. Displacement forces were applied to the castings perpendicular
to a simulated 30-degree cuspal incline until the castings were displaced. Examination of

the castings showed deformation at the margins, except those with a 22-degree taper.
These were displaced without deformation, hence lacking resistance form as predicted by
the diagram.

Dodge et al. l tested retention and resistance of artificial crowns cemented over
steel dies with 10, 16, and 22 degrees of total occlusal convergence (taper) that were 3.5
mm in occlusocervical dimension and 10 mm in diameter. They determined that 22

degrees of taper produced inadequate resistance and that there was no significant

difference between the resistance of 10- and 16-degree specimens. The authors concluded

that 16 degrees was the optimal convergence angle of the 3 tested because 10 degrees of

taper was not easy to create clinically.
Parker et al. 2 evaluated the resistance form of prepared teeth for which
restorations were being made in a dental laboratory. The samples were separated by tooth

groups; incisors, canines, premolars and molars. Castings were made and assessed for
accuracy of fit. Resistance was evaluated using finger pressure on uncemented castings
on the dies and attempting to roll off the castings. Resistance was recorded by stating

"yes" or "no", if it was present or not. A total of 296 preparations and castings were
evaluated. The tooth groups consisted of the following: 90 incisors, 25 canines, 72

premolars, and 107 molars. Resistance form was demonstrated in 96% of incisors, 92%
of canines and 81% of premolars and 46 % of molars. Only 4 % of the incisors and 8 %
of the canines lacked resistance form compared to 19% of premolars and 54% of molars.
The authors contributed a higher percentage of resistance form of anterior teeth primarily
due to an increased height to base ratio when compared to a decreased height to base ratio

of posterior teeth. The authors suggest that determining resistance form of noncemented

castings using finger manipulation is an adequate and reliable test when compared to
mechanical testing instruments to measure torquing forces to dislodge castings from a
die.

Maxwell, Blank and Pelleu24 evaluated the effect of crown preparation height on
the resistance and retention of gold castings. Fifty-seven single rooted natural teeth were

used in the study and these were prepared with a standardized convergence angle of 6

degrees. The occlusogingival height was established at 5 mm as the control. Three

sample groups were selected with occlusogingival heights of 3mm, 2mm, and lmm.
Copings were made using type III gold alloy with a 2mm wide facet carved on the
occlusal facial surface at a 45 degree angle to permit uniform contact for testing. Once
the fit was determined to be accurate the prepared teeth were coated with two coats of

cavity varnish and cemented with a standardized mix of zinc phosphate. Ten samples in
each group were mounted in an Instron tensile-testing instrument and tested for retention.
Resistance form was tested on six samples subjected to a non-axial force at a 45-degree

angle to the long axis of the tooth in a facial lingual direction. Resistance failure was
recorded when the cement seal failed or the tooth fractured. The results of this study
indicate that an occlusogingival preparation height of 3mm with a 6 degree taper is the
minimum necessary for adequate resistance and retention of gold castings.

In a second study Parker et al. 29 quantitatively determined adequate taper to
provide resistance form. Upon evaluating resistance at different points of a preparation, it
was observed that for each point of the taper, resistance was either present or not. Thus,

having an "on" or "off" component. Opposing this concept, Wiskot44 determined that a
linear relationship existed between abutment taper and resistance to lateral forces.
Resistance and retention differ in the mode of how they occur. In order to
maximize retention, intimate contact with large surface areas is desirable. In contrast,

resistance occurs at specific points. Parker et al. 3 described resistance as a function of

preparation taper. The authors describe guidelines for minimally acceptable average
tapers of preparations based on principles of resistance form. Based on the average

height-to-base ratio of natural teeth, the minimally acceptable average tapers to create
resistant preparations

are"

29 for incisors, 33 for canines, 10 for premolars, and 8.4 for

molars. The authors believe that restorations that clinically fail by dislodgement do not
have adequate resistance form.
Wiskot et al. 44 studied the relationship between abutment taper and resistance of

cemented crowns that were dynamically loaded. The testing instrument applied a load to
the testing samples while these spun around their long axis, attempting to simulate

buccolingual forces of the oral environment. Total occlusal convergence angles ranged
from 2.5, 5, 10, 15, 20, 30 and 40 degrees. The results indicated a relationship between
abutmem taper and resistance to dynamic lateral loading which is approximately linear.

Furthermore, crowns luted with resin composite cement were more resistant to dynamic
lateral loading than glass ionomer and zinc phosphate. Crowns cemented with zincoxide eugenol were the least resistant. Nevertheless, the method of load application is

questionable and the use of cements in his study makes it unclear whether the strength of
the cements was being tested rather than resistance form. Using similar methods in a

following study, Wiskot et al 45 demonstrated a linear relationship between abutment

height or diameter and resistance to dynamic lateral loading.
Trier et al. 3 evaluated the resistance form of 44 dies when the restorations had

failed clinically. The authors determined that 94 % of all specimens that failed by

becoming uncemented were on abutments that lacked resistance form. A clinical
correlation between success and failure support Parker’s 28 concept on limiting taper and

resistance of being all-or-none. Trier3 felt his findings support the concept that resistance

form is an essential element in preparation design for the success of fixed prostheses.

During tooth preparation awareness of tooth structure available at tooth

preparation sites is critical to avoid direct injury to the pulp. Stambaugh and Wittrock36

investigated the distance from the pulp chamber to the external surface of the tooth in
various positions. The authors found that the enamel and dentin thickness on the lingual

surface of maxillary canines averaged 3.32 mm in the middle third area and 3.04 mm in
the cervical area. Shillingburg and Grace 33 determined the average enamel and dentin
thickness in this area on the cingulum varied from 3.19mm to 3.25mm.

Procera Technology

Anderson et al. 2’3 investigated the accuracy of machine milling and spark erosion
to manufacture crowns and fixed partial dentures based on CAD/CAM Procera

technology. The process relies on outer milling and inner spark erosion of a titanium
blank. Specific geometric bodies were compared with the known dimensions in the CAD
files for these bodies. The manufacturing errors of milling (ellipse +6.5 gm, square +3.4

gm, and cylinder +5.8 gm) and spark erosion (ellipse +8.6 gm and square + 10.4 gm)
were determined. The results indicated that the Procera system is capable of producing
crowns with a clinically accepted range for marginal opening gap dimension of less than

100 tm. Karlson 18 along with several authors2-4 evaluated the fit of Procera titanium
crowns in vitro and clinical study and discovered that the marginal adaptation with a

discrepancy of approximately 60 microns in vitro and 70 microns in vivo.

SPECIFIC OBJECTIVES

The traditional tooth preparation for a maxillary canine receiving a full coverage
restoration results in a two plane lingual reduction with a concave surface above the crest

of the cingulum and an axial wall developed from the convexity of the cingulum. In the

past, the cingulum area has been regarded as an essential feature for developing
resistance and retention form. 7’ 35 However, there are no studies that confirm the

cingulum enhances these mechanical properties.
The objective of this study is to determine the significance of the cingulum area in
terms of resistance form for full coverage restorations. The specific objectives of this

study are to evaluate resistance form as a function of the following preparation variations
made to a maxillary canine preparation:
1. No modification to the conventional preparation, as described by Shillingburg.

2. Removal of the cingulum continuous up to the finish line.
3. Removal of all tooth structure coronal to the cingulum;

and to relate these variations to resistance form according to the following parameters:
1. Specimens held in a device at 90 degrees to the path of insertion, load applied

with an Instron instrument

2. Specimens held in a device at 130 degrees to the path of insertion, load applied
with an Instron instrument.

3. Hand held samples, using finger pressure in a buccal, lingual, mesial, and distal
direction.
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IMMEDIATE RESEARCH GOALS

The goal of this study is to determine the effect the cingulum has on resistance
form of maxillary canine preparations. The results of this study may provide the clinician
information concerning preparation design for optimal long-term success. If the concept

of uniform reduction of the lingual surface is applied, natural contours of the restoration
can be readily achieved and provide structural integrity to the restorative material.

Thereby reducing the harmful effects resulting from over contoured restorations,
including abrasion of the opposing tooth, iatrogenic removal of opposing tooth structure,
exposure of opaque porcelain during adjustment of over contoured restorations and
weakening of the ceramic material by reducing the thickness in the cingulum area.

NULL HYPOTHESES

1. There is no difference in resistance form of maxillary canine preparations for full

coverage restorations between specimens that have no modification, specimens
that have the cingulum removed and specimens that have all the tooth structure
coronal to the intact cingulum removed, when a load is applied at 90 degrees to
the path of insertion with an Instron instrument.
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1. There is no difference in resistance form between maxillary canine preparations

for full coverage restorations between specimens that have no modification,

specimens that have the cingulum removed and specimens that have all the tooth
structure coronal to the intact cingulum removed, when a load is applied at 130

degrees to the path of insertion with an Instron instrument.

2. There is no difference in resistance form between maxillary canine preparations

for full coverage restorations between specimens that have no modification,

specimens that have the cingulum removed and specimens that have all the tooth
structure coronal to the intact cingulum removed when hand held, using finger

pressure in a buccal, lingual, mesial and distal direction.

MATERIALS AND METHODS

Tooth Collection

Extracted maxillary canines were obtained, sterilized in a steam autoclave and
stored in distilled water. Only intact teeth with no previous restorations or decay were

selected. In total three maxillary canines were used.

12
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Sample Preparation

Each maxillary canine was placed on a surveyor attached to the surveyor’s arm
with sticky wax (Kerr Corporation. Romulus, MI), ensuring that the long axis of the tooth
was parallel to the surveyor. The teeth were imbedded in autopolimerizing acrylic resin

(Dentsply Repair Material, Dentsply/York Division, Dentsply International Inc., York,

Penn) using an aluminum mold (27mm diameter, depth 40mm) and allowed to set for 24
hours. Each tooth was positioned maintaining a 5 mm distance between the

cementoenamel junction and the acrylic resin. The superior border of the acrylic resin
was indexed with an acrylic bur for future use. An impression was made with type I very

high and type II medium viscosity, vinyl polysiloxane impression material, (Reprosil,

Dentsply Caulk. Milford, DE). The impression material was allowed to set and then
sectioned through the center buccolingually to display the tooth contours in a buccal-

lingual dimension when seated on the indexed surface of the acrylic resin (Figure 1).

Tooth Preparation

The teeth were prepared by an experienced prosthodontist, not involved in the

study, for a full coverage restoration using an 856 Brasseler diamond bur; head diameter
1.8mm, head length 8.0mm, medium grit (100 micron) on a high-speed hand piece with
copious irrigation (Figure 2).
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Die Preparation

The prepared teeth were duplicated with a vinyl polysiloxane impression material.

The impression was sectioned through the center to display the tooth contours in a buccal

lingual dimension seating on the indexed surface of the acrylic resin. One tooth
preparation sample was selected for the remaining procedures and testing. The sectioned
halves were held together with elastic bands to fabricate the wax patterns.

Three wax patterns were made using type II blue inlay casting wax (Kerr). Molten
wax was poured into the matrix and allowed to cool at room temperature. The wax

pattern was separated from the matrix and irregularities were corrected. The patterns
were modified as follows"

(1) no modification to the pattern (2) removal of the cingulum,

leaving a single continuous surface from the lingual margin to the incisal edge, and (3)
removal of all tooth structure coronal to the intact cingulum.

The modified patterns were sprued with a 10-gauge wax sprue (Kerr) and invested
in Cristobalite (Kerr) according to manufacturer’s recommendation. The wax patterns
were cast in a nickel- chromium alloy (Rexillium III. Jeneric/Pentron Inc. Wallingford,

Conn.) and divested using a 50-micron aluminum oxide air blaster. Surface irregularities
detected on the castings were removed with carbide burs under magnification (Figure 2).

An acrylic resin (Jet, Lang Dental Mfg. Co. Inc., Wheeling, Ill.) crown was
fabricated using the sectioned matrix prior to tooth preparation. This allowed fabrication
of.a crown with similar dimensions and contours as the unprepared tooth. An incisal
extension 3 mm was added with inlay wax (Kerr) to provide a surface for the indenter of

the Instron to engage and also to create the tipping force on the coping sample.
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Preparation of the Copings
Each casting was scanned using the Procera System (Nobel Biocare, Goteberg,

Sweden). The double scan technique was used allowing both the external aspect of the
casting and the external aspect of the acrylic resin crown and wax-up to be recorded. Ten
titanium copings for each casting sample were ordered for a total of thirty. Each coping
was numbered and labeled accordingly. The accuracy of the fit of each coping on the cast

die was determined using a silicone disclosing agent (Fit-Checker GC Dental Industrial

Corp, Tokyo).
The castings were individually placed on a surveyor attached to the surveyor’s
arm with sticky wax (Kerr), ensuring that the long axis of the cast was parallel to the

surveyor. The cast dies were imbedded in autopolimerizing acrylic resin (Dentsply)
using an aluminum mold (27mm diameter, depth 40mm) and allowed to set for 24 hours.
Each tooth was positioned maintaining a 5 mm distance between the cementoenamel

junction and the acrylic resin (Figure 3).

RESISTANCE TESTING

Finger Roll Test

The copings were held between the thumb and index finger; and while applying

apical pressure to seat the coping a rotational force was applied. This was applied to all
the copings by a single examiner. Resistance to the dislodging forces was determined as a

"yes" or "no" as described by Parker et al. 29
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Universal Testing Machine

A jig was fabricated to ensure that samples would be held at 90 degrees and 130
degrees to the vertical forces applied. A universal testing machine (Instron Corp, Canton,

Mass) was used to apply controlled loads to the tooth samples. The jig was secured to the
load cell of the Instron to prevent any movement during testing. The same copings used
in the finger roll test were subsequently used on the castings. Fifteen copings were used
to test the cast dies at 130 degrees and a second set of fifteen copings were used with the

castings set at 90 degrees. The load was applied from a lingual-facial aspect contacting
the final 1 mm on the incisal extension of the coping at a constant crosshead speed rate
0.5mm/min until margin separation occurred or dislodgement (Figure 4A,

4B). The

testing machine recorded graphic analysis. The samples received a maximal load of 48.5

kg. A single examiner visually assessed marginal separation.

Statistical Analysis

The data was recorded and the mean standard deviation of each preparation

design was calculated. Transformation of the data was completed with the Levene test.

An analysis of variance (ANOVA) was used to determine any differences among the
groups. Multiple comparisons were tested at the significance level of p<0.05 using

Dunnett’s test.

RESULTS

Although the sample size in the study was equal, group variances were not. The
Levene test was selected to evaluate homogeneity of the variances Transformation of the
data was required to demonstrate that the specimens came from normal populations. The

Levene test was conducted with the square and square root of all the data values. The
observed significance levels of the data tested proved to be significant <0.05, thus

rejecting the null hypotheses that all variances are equal.
The analysis of variance (ANOVA), demonstrated differences between the means

of the groups with a significance level of 0.000 (Table 1). Mean load in kilograms that
resulted in margin separation for each group are presented in table 2, along with their

standard deviation (Table 2).
Multiple comparison analyses were performed with Dunnett’s procedure. The
results indicate that samples tested at 90 degrees differed significantly (p< 0.05) between
the groups. The no cingulum sample demonstrated the highest resistant value 44.8+- 3.4,

followed by the cingulum group 30.6+-6.1, and least 11.9+- 2.1 for the no incisal group

(Figure 5). No difference was evident for samples tested at 130 degrees in groups with
and without the cingulum. However, a statistical significant difference was found when
the cingulum and no cingulum groups were compared to the no incisal group. Mean loads

for the groups were" cingulum group 43.9 kg., no cingulum 41.95 kg. and 15.00 kg. no
incisal (Figure 6).
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DISCUSSION

The preparation of a maxillary canine for a full coverage restoration renders a

preparation where the height is greater than the width of the base; therefore resulting in a
preparation with adequate resistance. 29 As part of the preparation for a full coverage
restoration, the cingulum, that is more evident in the maxillary canines as compared to
the other maxillary anterior teeth, is recommended to be retained to help provide
resistance and retention form. 7’ 8,13, 35, 39

Maintaining the cingulum form during preparation for full coverage restorations
may aid the retention and resistance to rotational displacement. However, no studies were
found that indicate that removal of the cingulum reduces resistance form. In an attempt to
maximize the mechanics of the cingulum, operators routinely produce preparations that
are under prepared and that may result in restorations with inadequate thickness of

restorative material or excess material bulk, resulting in over contoured restorations, that

may cause wear on the opposing dentition (Figure 7). The canine provides excellent

geometry to create adequate resistance form for fixed partial dentures. 29 Some authors, 41
have documented the canine-to-canine fixed partial denture as the longest lasting fixed

restoration, providing evidence that canine retainers have excellent resistance to

dislodgement. The results of this study indicate that uniform reduction of the cingulum
did not reduce the resistance to dislodgement when compared to the traditional-two plane

lingual reduction. According to Shillingburg et al. 33 maxillary canines possess between
3.19 to 3.25 mm of combined enamel and dentin in the cingulum area. This thickness

provides for appropriate reduction of the lingual surface and will allow for more natural

18
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contours of the restoration without compromising the pulp or the integrity of the tooth.
However, the point that must be clearly emphasized is that the cingulum should not be
arbitrarily removed, but rather uniformly reduced. Care should be taken not to over

prepare this area, as with all aspects of tooth preparation. Furthermore, the uniform
reduction of the lingual surface renders a surface more parallel to the labial surface that

may enhance the resistance form.

The use of the Procera technology proved very useful for this research project and

may contribute greatly in future studies. The system enabled the production of multiple

copings, machined precisely to specification with the reduction of human error. The
benefit of using the Procera system over castings allowed for consistency of the coping
fabrication. Initially, the Procera aluminous oxide coping was used during the pilot
studies. The fit of the copings were acceptable and resistance form was noted with the

finger-rolling test. However, when the samples were tested with the Instron machine
catastrophic fractures occurred when loaded at 90 and 130 degrees. The brittle nature of
the material may have led the reader to believe that the strength of the material was being

tested, rather than the resistance form. This would not necessarily be important when
testing for resistance, but may have been interpreted as not valuable for testing purposes.

Regardless, it was noted that inadequate bulk of restorative material was present in the
cingulum area to provide natural contours to the restoration.

To avoid confusion and provide consistent fit, Procera All-Titanium copings
were used in this study. The copings are scanned and fabricated in a similar manner to

the Procera aluminous copings, the difference being the material. Under load, the copings

behaved in a different manner. The addition of the incisal length resulted in a more
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favorable rotational force as observed in the 90-degree samples with the incisal tooth
structure removed. Without the extension the coping would tend to have been seated on

the preparation analog under load. This allowed the copings to undergo deformation

about the marginal area rather than catastrophic failure of the aluminous core.

Some authors

’

14

have evaluated the average contact angle found in class I

occlusions between maxillary and mandibular anterior teeth and determined it to be 132

degrees. In this study it was felt appropriate to also include the reproduction of this angle
when testing anterior teeth to off axis loads.

A luting agent was not used to cement the coping to the casting, since the main
objective was to determine the significance of the cingulum and resistance form rather
than testing the strength of the cement. As a result of the metal-to-metal contact under

stress, burnishing points were observed on the copings and the castings, as opposed to a

generalized surface contact area, often characterized with retention. This would suggest
if a luting material were used, points of the material would be under compression and
stress during function. 6’ 3

The burnishing points in this study were more evident in the samples tested at 90

degrees where the rotational forces were more favorable. Burnishing points on the
cingulum casting were present on the facial marginal area and on the lingual incisal third,
with some contact on the cingulum. The no cingulum group had points present on the

facial marginal area and on the lingual incisal third, with no point contact inferiorly. The
no incisal group developed burnishing points along the facial marginal area and along the

cingulum area, the no cingulum contact areas are consistent with the schematics that

Tylman shows in his comprehensive textbook (Figure 8). The samples tested at 130
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degrees appeared to be seating the copings onto the casting with minimal burnishing
points. The little displacement appreciated at 90 and 130 degrees with the no cingulum
and cingulum groups, in all probability, was due to the settling of the coping on the

casting, rather than movement due to lack of resistance form.

It must be considered that only one set of castings was used. The burnishing
points created can be related to the forces applied at 90 degrees, where more rotational
forces were created when compared to 130 degrees, which tended to seat the coping on
the preparation. This assumption is consistent with the more evident burnishing patterns

observed on the internal surfaces of the titanium coping tested at 90 degrees.
The loads applied to the samples were intended to simulate those of the mouth in
routine occlusal cycles, l’ 11, 15, 47 Consequently, applying excessive loads of 583

lbs,46

appear to be of little value. If large loads are required to dislodge a casting, the
preparation is resistant and in order for it to be dislodged, the coping must go through

deformation.2S, 42 Load application in this study permitted a maximal load of 48.5 kg, that
simulates occlusal loads.
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Interestingly, all copings tested positive to resistance form in

the finger roll test, yet when the no incisal group was tested on the Instron, lingual margin

separation occurred at low loads. However, complete dislodgement did not occur.
Coping deformation of the facial margin was evident in the in the no incisal groups. It is
important to note that an over contoured restoration fabricated for the no incisal

preparation would result because of the lack of reduction in the cingulum area.
Replication of functional mandibular movement is a limitation inherent to many
research models. Intraoral measurements have demonstrated that vertical and horizontal
force vectors during normal function prevail 24.28,44 When adequate resistance form is

lacking, the fatigue of the cement layer increases as a result of constant load cycles,

ultimately dislodging the restoration. In this study a progressively applied force was
justified to measure the resistance to rotation as a result of modification of preparation
geometry. The geometry of the preparation was the critical factor tested and not the
contribution of the cement. This approach to testing does reveal that under the study

conditions, the results provide useful guidelines to the clinician for developing

preparations with adequate resistance form and just as important, restorations with natural
contours.

CONCLUSIONS
The following conclusions were made:
1. Preparation analogs with a modified cingulum received the highest mean resistant

load before margin separation when tested at 90 degrees in that group.
2. Preparation analogs with no modification to the cingulum demonstrated an

intermediate resistant mean load before margin separation when tested at 90

degrees in that group.
3. Preparation analogs with no structure coronal to the cingulum resulted in the least
resistant mean load when tested at 90 degrees in that group.

4. Preparation analogs with no modification and preparation analogs with the
uniform lingual reduction of the cingulum exhibited similar resistant mean loads
at 130 degrees in that group
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1. Preparation analogs with no structure coronal to the cingulum resulted in the least

resistant mean load when tested at 130 degrees in that group.

2. All preparation samples displayed resistance form to finger manipulation.

3. Rejection of the null hypotheses that no difference exists in resistance form of

maxillary canine preparations for full coverage restorations between specimens
that have no modification, specimens that have the cingulum removed and

specimens that have all the tooth structure coronal to the intact cingulum
removed.

FUTURE RESEARCH
The use of Procera technology in this study presented the possibility of fabricating

multiple testing specimens that were produced accurately, efficiently and reliably. This
standardized approach to research can be readily integrated into future studies.
Resistance form of the samples in this study could be evaluated under the

influence of multiple cements. Additionally, thermo cycling the specimens may provide
more information concerning testing in different environments.
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SUMMARY

This study evaluated the significance the cingulum had on resistance form of

maxillary canine preparations for full coverage restorations. Three base metal dies were
made with varying designs; traditional two-plane lingual reduction, one-plane lingual
reduction, and removal of all tooth structure coronal to the cingulum. Ten titanium

copings for each casting were fabricated for a total of thirty. Resistance form was tested
using finger manipulation, attempting to dislodge the specimens in a facial, lingual,
mesial and distal direction and by using a universal testing machine with the application

of a vertical force to non-cemented copings secured at 90 and 130 degrees.
The results indicate a statistically significant difference between the test groups

when tested at 90 degrees. Mean marginal separation occurred early with the no incisal

group, followed by the traditional preparation and lastly by the modified one plane
reduction. Resistance testing at 130 degrees revealed no difference between the
traditional two-plane reduction and the one-plane reduction. At 130 degrees the no incisal

group demonstrated margin separation at low loads.
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TABLES

Table 1.

ANOVA Resistance

SS

Source

Between Groups 54.87.485
Within Groups
772.333
6259.818

Total

Table 2.

DF

MS

5
24
29

1097.5 34.104
32.181

Mean Marginal Separation

Group

Mean

N

1

30.6

5

2

44.8

5

3

11.8

5

4

41.9

5

5

43.9

5

6

15

5

2.1

Total

31.3

30

14.6

Std. Deviation

10.6
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S
.000

APPENDICES
Universal Testing Machine

Oblique Load 90 Degrees

Group 1

Sample
1
2
3
4
5

Group 2
Sample
1
2
3
4
5

Group 3

Sample
1
2
3
4
5

No Modification Oblique Load 90

Min Load (kg)
48.5
48.5
48.5
48.5
48.5

Margin Separation (kg)
34
26
28.5
25
39.5

No Cingulum Oblique Load 90
Margin Separation (kg)
41.5

Min Load (kg)
48.5
48.5
48.5
48.5
48.5

42.5
43

No Incisal Oblique Load 90

Margin Separation (kg)
15.25
12.5
11.5
9.95
10.23

Min Load (kg)
29.5
41.25
48.5
48.5
48.5
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Oblique Load 130

Group 4

Sample
2
3
4
5

Group 5
Sample
1
2
3
4
5

Group 6

Sample
1
2
3
4
5

No Modification Oblique Load 130

Min Load (kg)
48.5
48.5
48.5
48.5
48.5

Margin Separation (kg)
40.25
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No Cingulum Oblique Load 130
Min Load (kg)
48.5
48.5
48.5
48.5
48.5

Margin Separation (kg)
42.5

37.5
42.5

No Incisal Oblique Load 130

Min Load (kg)
48.5
48.5
48.5
48.5
48.5

Margin Separation (kg)
14
17.5
17
12.5
14
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FINGER PRESSURE

No Modification

Sample
1
2
3
4
5

Resistance Form

No Resistance Form

Yes
Yes
Yes
Yes
Yes

No Cingulum

Sample
1
2
3
4
5

Resistance Form

No Resistance Form

Yes
Yes
Yes
Yes
Yes

No Incisal

Sample

4
5

Resistance Form

Yes
Yes

No Resistance Form
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